Tick removal grooming may be centrally regulated by an internal timing mechanism operating to remove ticks before they attach and engorge (programmed grooming model) and/or evoked by cutaneous stimulation from tick bites (stimulus-driven model). The programmed grooming model predicts that organismic and environmental factors that impact the cost-benefit ratio of grooming (e.g. body size and habitat) will influence the rate of tick removal grooming. The body size principle predicts that smaller-sized animals, because of their greater surface-to-mass ratio, should engage in more frequent tick removal grooming than larger-bodied animals in order to compensate for higher costs of tick infestation. The body size principle may be tested intraspecifically between young and adult animals, or interspecifically among species of contrasting body sizes. To rigorously test the interspecific body size prediction, we observed the programmed grooming (oral and scratch grooming) of 25 species (or subspecies) of bovids at a tick-free zoological park in which stimulus-driven grooming was ruled out. Multiple correlation analysis revealed highly significant negative correlations between species-typical mass and mean species grooming rates when habitat was controlled for in the model. Species-typical habitat type (classified along a gradient from most open to most closed) was positively correlated with mean oral grooming rate, indicating that species tended to groom at a higher rate in woodland and forest habitats (where typical tick density would be high) compared with more open environments. Species mass accounted for up to two-thirds of the variation in grooming rate across species, whereas habitat accounted for ca. 20% of variation in oral grooming. Similar results were obtained when the analysis was expanded to include 36 species/subspecies of six different families. The body size principle can therefore account for a large proportion of species-typical differences in programmed grooming rate among ungulates. However, to understand the tick defence adaptations of very large mammals that rarely or never engage in oral or scratch grooming (e.g. elephants, giraffes, rhinoceros), alternative tick defence strategies must be considered, such as thick skin, wallowing, rubbing and tolerance of oxpeckers and other tick-eating birds.
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Grooming is a common behaviour in most mammals, but the parasite removal function, ecological costs and physiological basis for grooming in wild animals has only recently been explored in an integrated manner. Studies of laboratory rodents and domesticated livestock over the past few decades have provided crucial insights into the importance of grooming in the control of ectoparasites (reviewed by Hart 1990), and studies of wild populations are now beginning to explore the role of grooming in the host-parasite relationship. Grooming also serves social functions in many species, although this aspect of grooming will not be addressed in this paper.
A great deal of evidence points to the cost of ectoparasites (e.g. ticks and lice) as a central force for the evolution of grooming in the natural environment. While tickborne disease is a threat to domestic stock, wild animals appear to be generally immune to such vector-borne diseases (Howell et al. 1978) . (Corridor disease, Theileria lawrencei, is an exception, being transmitted by the brown ear tick, Rhipicephalus appendiculatus, to both cattle and African buffalo, Syncerus caffer). Although tick-borne disease may be responsible for wildlife mortality when disease organisms or hosts are introduced into new areas (such as with rinderpest and African ungulates), wildlife populations appear to suffer the greatest cost from the direct effects of ticks: blood loss, metabolic debilitation, tick toxicoses and secondary infections (Lightfoot & Norval 1981) . The costs of tick-associated growth loss have been well documented for cattle (Little 1963; Sutherst et al. 1983; Kaiser et al. 1991) . For example, a moderate tick load on a calf can result in 10-44 kg
